A Gram-stain-negative, non-motile, deep yellow, rod-shaped bacterium, designated strain LCS9 T , was isolated from a soil sample at the tropical zone within the Ecorium of the National Institute of Ecology in Seocheon, central-western Korea. 16S rRNA gene sequence analysis showed that strain LCS9
A Gram-stain-negative, non-motile, deep yellow, rod-shaped bacterium, designated strain LCS9 T , was isolated from a soil sample at the tropical zone within the Ecorium of the National Institute of Ecology in Seocheon, central-western Korea. 16S rRNA gene sequence analysis showed that strain LCS9
T clustered with members of the genus Flavisolibacter of the family Chitinophagaceae, phylum Bacteroidetes. Sequence similarities between strain LCS9 T and the type strains of the genus Flavisolibacter ranged from 94.6 to 94.9 %. Strain LCS9 T grew at 10-37 C (optimum, 25 C) and at pH 6.0-10.0 (optimum, pH 7); was positive for catalase and oxidase; and negative for nitrate reduction and production of indole. Cells showed pigment absorbance peaks at 451 and 479 nm, and had 0.03 % survival following exposure to 3 kGy gamma radiation. Strain LCS9
T had the following chemotaxonomic characteristics: the major quinone was menaquinone-7 (MK-7); the major fatty acids were iso-C 15 : 0 and iso-C 17 : 0 3-OH; polar lipids included phosphoatidylethanolamine, an unidentified aminophospholipid, unidentified aminolipidsand unidentified lipids. The DNA G+C content was 39.4 mol%. Based on polyphasic analysis, the type strain LCS9 T (=KCTC 42070 T =JCM 19972 T ) represents a novel species for which the name Flavisolibacter tropicus sp. nov. is proposed. Radiation resistance in the genus Flavisolibacter has not been reported to date, and so this is the first report of low-level radiation resistance of a member of the genus. Yoon & Im (2007) first described the genus Flavisolibacter, members of which are Gram-negative, aerobic, non-motile and chemoheterotrophic, and have iso-C 15 : 0 and iso-C 17 : 0 3-OH as major fatty acids, menaquinone-7 (MK-7) as the major respiratory quinone and homospermidine as the major polyamine component. Flavisolibacter ginsengiterrae is the type species of the genus. Subsequently, the genus description was emended to indicate that phosphatidylethanolamine was the main polar lipid and the DNA G+C content ranged from 42.7 to 46.4 mol% (Baik et al., 2014) . Ionizing radiation-resistant bacteria occur in several genera, such as Deinococcus and Hymenobacter (Rainey et al., 2005) . Gamma ionizing radiation causes cellular damage by producing reactive oxygen species inside cells Son et al., 2014) . Radiation-resistant bacteria contain enzymes that can repair damaged DNA after irradiation Srinivasan et al., 2015) . In this study, a new strain, LCS9 T , was isolated from a soil sample at the Soil within 10 cm of the surface was collected in the tropical zone within the Ecorium. The Ecorium consists of five interlinked glasshouses, which offer snapshots of ecosystems from five different climate zones: tropics, desert, Mediterranean, warm temperate and polar. Soil from the tropical region was prepared by mixing forest soil (40 %) and compost from forest litter, horse manure and other organic matter (60 %). To isolate strain LCS9
T , the soil sample was suspended in 0.85 % saline and serially diluted. Each suspension (100 µl) was spread onto R2A agar, and incubated at 25 C for 1 week. Single colonies on these plates were selected by transferring them onto new R2A agar plates. Strain LCS9
T was routinely cultivated under the same conditions and preserved in R2A broth containing 25 % (v/v) glycerol at À80 C.
The genomic DNA of strain LCS9 T was extracted by the method of Marmur (1961) and the 16S rRNA gene was amplified by PCR using primers 27F/1492R as described by Frank et al. (2008) . Sequencing was performed using the bacterial universal primers 27F (5¢-AGAGTTTGATCCTGGCT-CAG-3¢), 518F (5¢-CCAGCAGCCGCGGTAATACG-3¢), 800R (5¢-TACCAGGGTATCTAATCC-3¢) and 1492R (5¢-GGTTACCTTGTTACGACTT-3¢) (Weisburg et al., 1991) on an Applied Biosystems model ABI 3730XL automated DNA sequencing system at Genotech (Daejeon, Korea). The complete 16S rRNA gene sequence of strain LCS9
T was compiled using the SeqMan software (DNASTAR) (Swindell & Plasterer, 1997) and compared with sequences of related taxa using the BLAST program in the GenBank database (Altschul et al., 1990) at NCBI (http://www.ncbi.nlm.nih.gov) and then analysed using the BioEdit software (Hall, 1999) . Multiple sequence alignments were performed using the MUSCLE software (Edgar, 2004) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura & Takahata, 1983) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and minimum-evolution (Rzhetsky & Nei, 1992) methods in the MEGA version 5.0 software (Tamura et al., 2011) with bootstrap values based on 1000 replications of the dataset (Felsenstein, 1985) . The 16S rRNA gene sequence of strain LCS9
T comprised 1439 nt. The highest gene sequence similarities were determined to be with Flavisolibacter ginsengisoli Gsoil 643 T (94.9 %), Flavisolibacter rigui 02SUJ3 T (94.8 %), Flavisolibaceter ginsengiterrae Gsoil 492 T (94.7 %) and Flavisolibacter swuensis SR2-4-2 T (94.6 %). The results of the phylogenetic analyses based on 16S rRNA gene sequences indicated that strain LCS9
T was affiliated to the genus Flavisolibacter, which belongs to the phylum Bacteroidetes, class Sphingobacteriia, order Sphingobacteriales and family Chitinophagaceae, and clustered with F. rigui KCTC 23328
T in the neighbourjoining ( Fig. 1) , maximum-likelihood and minimum-evolution (Fig. S2) Gram staining was carried out using a standard protocol (Smibert & Krieg 1994) . Cell morphology was observed using an Olympus light microscope (1000Â magnification) and LIBRA 120 (Carl Zeiss) transmission electron microscope at an operating voltage of 80-120 kV with cells grown for 3 days at 25 C on R2A agar. Growth was tested on various standard bacteriological media such as trypticase soy agar (TSA; Difco), nutrient agar (NA; Difco) and R2A agar (Difco). Growth at 4, 10, 15, 20, 25, 30, 37 and 42 C and at pH 4.0-10.0 (at 1.0 pH unit intervals) was assessed in R2A broth (MBcell) for 3 days. Medium pH was adjusted using diluted NaOH or HCl and was checked after autoclaving. Tolerance to salt was tested in R2A medium (Difco) supplemented with 0-10 % (w/v) NaCl incubated for 3 days at 25 C. Catalase activity was assessed by bubble production in 3 % (v/v) H 2 O 2 , and oxidase activity was assessed using 1 % (w/v) tetramethyl-p-phenylenediamine (Cappuccino & Sherman, 2010) . Other physiological and biochemical characteristics were determined using API ZYM, API 20NE, API ID 32 GN and API 50CH galleries (bioM erieux) according to the instructions of the manufacturer. For pigment analysis, spectral characteristics were assessed by extraction with 95 % ethanol using a Shimadzu UV-2450 UV spectrophotometer and flexirubin-type pigments were evaluated based on a colour shift after exposure to 0.1 M NaOH (Gosink et al., 1998) . For measurement of survival rate after exposure to gamma radiation, a bacterial culture grown on TGY medium (1 % tryptone, 0.1 % glucose and 0.5 % yeast extract) was irradiated using a 60 Co gamma irradiator (Advanced Radiation Technology Institute, Republic of Korea), and exposed to 100 kCi (3.7 PBq) at a dose rate of 70 Gy min -1 (Im et al., 2008; Lee et al., 2015) . Strain LCS9
T was a Gram-stain-negative, non-motile and rod-shaped (Fig. S3) bacterium. As shown in Table 1 , the new isolate could be differentiated from F. ginsengisoli KCTC 12657
T and F. rigui KCTC 23328 T on the basis of colony colour, positive growth on NA, presence of oxidase activity, absence of b-glucosidase and lipase (C14) activities, and ability to assimilate maltose and adipate. The phenotypic characteristic of strain LCS9
T are given in the species description while traits differentiating it from related Flavisolibacter species are listed in Table 1 . The pigment of strain LCS9
T and related species of the genus Flavisolibacter (F. ginsengisoli KCTC 12657 T and F. ginsengiterrae KCTC 12656 T ) had an absorption spectrum of a carotenoid pigment with absorption maxima at approximately 451 and 479 nm, and did not have flexirubin pigment (Fig. S4) . When cells were exposed to 1, 2 and 3 kGy gamma radiation, strain LCS9 T showed 9.47, 0.98 and 0.03 % survival rates, respectively. At 3 kGy gamma radiation, strain LCS9 T showed a 3.5 log unit reduction, while that for Deinococcus radiodurans R1 T was only a 0.03 log unit, but Escherichia coli B did not survive (Fig. S5) .
The isoprenoid quinones of strain LCS9
T were extracted, evaporated, purified and analysed by HPLC (Waters Alliance), as described previously (Hiraishi et al., 1996) . For cellular fatty acid methyl ester analysis, strain LCS9
T and other reference type strains were grown on R2A agar for 3 days at 25 C, harvested and subjected to saponification, methylation and extraction according to the protocol of the MIDI technical note 101. The fatty acid methyl ester mixtures were analysed by GC and identified by using the Sherlock Microbial Identification System (TSBA, version 6.0; MIDI) and Microbial Identification Software Package (Sasser, 1990) . Polar lipids were extracted, separated by two-dimensional TLC (Minnikin et al., 1977) and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The genomic DNA G+C content of strain LCS9 T was analysed by HPLC (Waters Alliance) as described previously (Tamaoka & Komagata, 1984; Mesbah et al., 1989) . Strain LCS9
T contained MK-7 as the major respiratory quinone as in other members of the genus Flavisolibacter. The cellular fatty acids of strain LCS9
T included major amounts (>15 % of the total fatty acids) of iso-C 15 : 0 (27.4 %) and iso-C 17 : 0 3-OH (18.1 %); moderate amounts (>5 %) of anteiso-C 15 : 0 , iso-C 15 : 1 G, anteiso-C 15 : 1 A and summed feature 3; and minor amounts (1-5 %) of C 15 : 0 2-OH, iso-C 15 : 0 3-OH, C 16 : 0 , iso-C 16 : 0 , iso-C 17 : 0 , C 17 : 0 2-OH, C 17 : 1 !6c, summed feature 1 and summed feature 8. The fatty acids of strain LCS9
T and other reference strains of the genus Flavisolibacter were generally similar in that the predominant fatty acid was iso-C 15 : 0 but the proportion of iso-C 17 : 0 3-OH in strain LCS9
T was higher than those of the reference strains. Detailed fatty acid composition data are shown in Table 2 . The polar lipid profile of strain LCS9
T comprised phosphoatidylethanolamine, an unidentified aminophospholipid, nine unidentified aminolipids and six unidentified lipids (Fig. S6) . The genomic DNA G+C content of strain LCS9 T was 39.4 mol%, a value slightly lower than the range reported for the genus Flavisolibacter (Baik et al., 2014) . Therefore, the phylogenetic, phenotypic and chemotaxonomic characteristics clearly showed that strain LCS9
T represents a novel species distinct from its closest phylogenetic 
Terrimonas pekingensis QH T (JF834159)
Terrimonas artica R9-86 T (KJ631121)
Terrimonas ferruginea DSM 30193 T (AM230484)

Terrimonas rubra M-8 T (JF803808)
Ferruginibacter lapsinanis HU1-HG42 T (FJ177532)
Sediminibacterium goheungense HME7863 T (JN674641)
Flavitalea gansuensis JCN-23 T (GU295962)
Flavitalea populi HY-50R T (HM130561)
Flavisolibacter tropicus LCS9 T (KJ461518)
Flavisolibacter rigui02SUJ3 T (HQ436499)
Flavisolibacter swuensis SR2-4-2 T (KJ461520)
Flavisolibacter ginsengisoli Gsoil 643 T (AB267477)
Flavisolibacter ginsengiterrae Gsoil 492 T (AB267476)
Parasegetibacter luojiensis RHYL-37 T (EU877263)
Flavihumibacter cheonanensis WS16 T (KF309176)
Niastella populi THYL-44 T (EU877262)
Niastella yeongjuensis GR20-13 T (DQ244076)
Lacibacter cauensis NJ-8 T (EU521690)
Cnuella takakiae RG1-1 T (KC560021)
Flavobacterium aquatile ATCC 11947 T (M62797) . All data were obtained under identical conditions. All strains were Gram-stain-negative, non-motile and rod-shaped bacteria. All strains were positive for growth at 15-30 C, at pH 7 and on R2A agar; and all exhibited N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, cystine arylamidase, b-glucosidase (aesculin hydrolysis) and leucine arylamidase activities. All strains were negative for growth on TSA and Luria-Bertani agar; reduction of nitrate to nitrite; urease activity; and assimilation of caprate, citrate and phenyl acetate. +, Positive; À, negative; W, weakly positive. Arginine dihydrolase Baik et al. (2014) and Joo et al. (2015) . 2.5 --1.5 -*Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 1 comprised C 13 : 0 3-OH and/or iso-C 15 : 1 H; summed feature 3 comprised C 16 : 1 !6c/C 16 : 1 !7c; summed feature 4 comprised anteiso-C 17 : 1 B/iso-C 17 : 1 I; summed feature 9 comprised iso-C 17 : 1 !9c/C 16 : 0 10-methyl.
